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VALVE TIMIS& Oj/EHGISIES HATliia . _ 
INTAKE PRESSURE^ .HIGHER EHAN EXHAUST 

By .Edward -5. ■ Taylor • ■ ' 

■ With the wide accept'an:ce.-^o;f the. -gear-driven super- 
charger as standard equipment- for ■ aircraft engines, it is 
so easy to obtain almost any- desired increase in power by 
increasing the supercharger gear ratio, that the problem 
of increasing power has been merely one of making an en- 
gine that will . stand -up under the conditions of operation. 
Unfortunately, .the prqVlem of obtaining rejasqnable fuel 
consumption with such- "boosted" engines is~ not .so simple. 

iiany engineers havie .been interested in the possibil- 
ity of obtaining increased power from supercharged en- 
gines by filling the clearance -Tolume with combustible, 
mixture "by means of the available dif f ejjence . in intake and 
exhaust pressures. To accomplish this, it. is necessary 
merely to allow the exhaust valve to remain open later, 
and to. open the intake valve earlier in order that there 
shall be a considerable period at the' end of the "exhaust 
stroke when both valves are .dpeii to permit the charge to 
flow thraugh, . . . ' 

The .purpose of this investigation is to determine 
with a ^air. degree of approximation the possible improve- 
ment in performance by using a large amount of valve over- 
lap on a supercharged engine. If it were possible to 
scavenge the clearance sp-ace completely, we .would expect 
an increase in the indicated -horsepower eq_ual to l/OR. 
As in the two-cycl.& engine, complete scavenging is ftot 
possible since there will always be mixing of the fresh 
charge.with the exha-ast ■ gas , Oonseauently , this figure 
should ,ba takein as" the maximum increase obtainablo in the 
ideal case. If the "fuel is mixed with the air outside the 
cylinder and if any considerable degree ,of scavenging is 
obtained, a considerable quantity of fuel is almost cer- 
tain to escape through the exhaust valves However, with 
fuel injected directly "into the cylinder, it. is possible 
to .dalay the .-.inject ion of fuel until af t6r . the- exhaust 
vsilva has c'losed" and therefore a reasonable fuel consump- 
tion can "be maintained with a high degree of scavenging. 
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A series of testia -was -n-a&'e •c(n-- the' IT.A.O.A. universnl 
single-cylinder engine of S-inch-bore and 7-inch stroke 
with varying amoTints of overlap^ from 0 tq..lOO° at five 
different intake pressures.- Air wa-s suppiied under pres- 
sure to the engine from a separately driven E.qot8 type 
supercharger-. A 55-gallon drum Vas interposed between the 
supercharger and the engine to provide a receiver frim 
which the engine could draw- its'- cnarge". The connection 
between the engine and the drum was made short in order to 
reduce the effect of pul sations. in the inlet pipe. ..In all 
tests except those for detdrMiiihg 'the Tiighest useful com- 
pression ratio, which were 3."kd'e. spmfe^ time ago, the engino 
V was f Itt-ed. with "a fuel-in j ecti-oh -sy¥t^»m consisting of a . 
Bosch ptinip and a specially con'-s true ted nozzle in the cyl- 
inder. The injection system. has b'eeh 'described in the 
S.A.Sf-, Journal of the Society 'of Automotive -Engineers, foi- 
March, 1931. ' The injection was timbd to start 50° after 
top center on th« suction strok©. ffigure 1 is a photo- 
grr,pii of the set-up. The air was measured, at the inlet to 
the supercharger by means of 'a calibrated orifice. :?uel 
was measured by a, volume gauge, Ppwer.was absorbed by a 
direct-ly connected electric dynamometer and all other 
measurements necessary for complete performance tests of 
the engine were. made. Th« val-ve timing' was ' as follows: 

■ ■ OTQ^Is ^I?,, Inlet open _^ Bs chaust ^close 

■ 0° ■ ■ ■ T.C, T.C. • - 

20° 10° B.T.O. 10° A. T.C. 

40° 20° B.T.O. 20° A. T.C. 

60° 300 B.T.O.'" A.T.O.- 

aOO' 40° 3.T..0.- 40° A.-T'.O. - 

100° 50° B.T.O. SOO.A.'T.C. " 

Inlet close 60° A. B.C. 1 , , x. 

Exhaust •op_en 60° B. 3. 0 . / .'^^'^ tests. 

The lift curves of the valves with varying amounts of , 
overlap are shown in Figure 2.. All testis were jiade at 
1500 r, p.m. and at a coiap'ressi on ratio .of .4<0 to l<^hich 
was low enough to insure that there was no det.onation tn 
any of the'" tests. ■ " 

J-or each se-tting' of the valve .timing and each super- 
charger pressure.,' the' mixture rafio. ifras varied. Curves 
of b.hp -ver s-uis fue'r- fl'ow were- plotted-Vand. maximum. '.b-.hp 
and tke rate of fuel flow for 98- per cent maximuin b,hp was 
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taken froin these' curves. From these data the curves in 
I'igures 3, 4, 5, and» G were plotted, •' • 

Jigur'e 3 shows the- net l.ia.'bopV 'at the a^xture' ratio 
for maxi'taum pow«r plotted' ag'ainst overlap.- It will "be 
noted that the curve r epres-enting a -iaant fold 'vacuum of • 3 
inches of mercury peaks at aijout 50° •overlap, -while at 
atmospheric pressure the- niaiiiaum po^er- occurs -at 70° and 
at S-inch pressure ■ the peak- occurs at lOO** .overlap, At 
6-inch and 12-inch pressure' the-' range 'of the valve gear 
was not sufficient to find the peak -in- power. It will he 
nort'ed.that At 6-inch and I'S-inch manifold pressure there* 
is ail" availaTDl6 gain in indicated power of 9 per cent "oy 
increasing the overlap from 50° to 100° with- further gains 
availahle with greater overlap. 

From figure -4 'it will "be seen that the net indicated 
'specific fuel "cohsump'-tion fot all supercharger pressures 
is approriinafely • the same- 'and - the he st ' indi cated effi- ^ 
cien'6y 'is attained - at a'iiout'- 40° overlap*- "<^^^to the im- 
provettfent in ■me*6hani-cal efficiency -the'ii^'t'TDrake specific 
fuel consumption i s • lower"" at the higher- iianif ol^"presBures 
and "oest economy is ohtained at a larger value of overlap 
. (50° to 70°) . ■ ... 

Figure 5 shows an increase' in spe'eific 'Air consump- 
tion with overlap greater than 40°, with" all supercharger' 
pressures. Thi s- indicates a loss 'of- fresh air through- the 
exhaust valve.' If the engine were • fitted with-'a^carhuretor 
giving a constant fuel-air ratio-, the specific fuel con- 
sumption curves would, of course", he" of exactly "similar 
shape. Since the fuel is injected after the closing of the 
exhaust valvo, there is a variatio-n in- the -apparent fuel- 
air ratio- for, 98 per cent maximum power as shown in Fig- 
ure 6, This indicates a loss of fresh air with the ex- 
haust with overlaps greater -bhan 40°', '" •. " ■ 

Figure 8 shows the variation-" in volume ttic efficien- 
cy with overlap.' - Ihe volumetric efficiency is "based on 
air a.t manifold pres-sure and' temperature and is-' corrected 
for the compression "by the 'incoming charge of the resid- 
ual gas in the clearance vol-ome. These curves show very 
clearly the increase in a-ir -flow at high -values of o-rer- 
lap,- It will he noted 'th'at the curves intersect near two 
inches manifold vacuum,- which- i s • approximat e"iy where the" 
ordinary un super charged engine op'er'at'es at- full throttle, ■ 
Consequently, the effect of overlap on- such engines is ■ ' 
likely to "be very small. 
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In Figure 8 it T^ill te' not.ed tla.a.t ■ Trith no pressure 
difference Taetween intake and exhaust, there is still an 
increase i-n volumetric .efficiency with .increased overlap. 
This i s undoubtedly . due to pulsations and Inertia of tao 
gases i:tj toth the .intake and exhaust pipos. It might Tjo 
well to state here that the effect of pulsations doponds 
chiefly upon the < ^*p iTay , the. length and diameter of the 
intake pipe, aiid the'numljor of cylinders connected to one 
pipe, Tos:t.s such as these made on a singlo-c^l indor eu~ 
gino' are" onl.y indicative of the trends and the orders of 
magni-tud© of tho results Whldh may to expected with a dif- 
foront ongino or. a different set-up. To dotormine opti- 
mum v-ftlve. -timing, each engine must "be tested individually 
with the complbto Intake ajid exhaust system it is to have 
in service. 

■ An earlier- set , of , runs,- with a carburetor fitfod to 

tho engine . was" ai.ade at a supercharger pressuro -of 5 inches 
and at varying cojnpr.i&s si on r'atio, Tho compression ratio 
which gave incipient floto.natibns was 4,3. for lDa° overlap 
and 4,5 fo.r 0^ o.verlap'i There was a 16' p.or"' cient ihcroaso 
in the po.wey o.utput w.i,th-tho higher value' of overlap, ' 

Figure 9 shows the effect on specific fuel consump- 
tion, of in-creasing- tho ■btak.e moan. offQctivo pressure "by 
incre.as-ing -.-the. . sup op charger prossuro and at the snrao time 
lowering th-e . compre s si on-- ratio onough to prevent dotoiia- 
tion,' ..-The effect of increasing tho "■b.!:n,o,p, "by increas- 
ing, tho yalvo overlap is shown on -the some sheet. It 'will 
■be.- seen • that when the b.ci-.e.p. is incroa.Bed to 139 per 
--«i«;j,:jiB5:ii_j£5tf the normal uh supercharged value by increasing tho 
suporcLarger pressure and loworing the coraprossion ratio 
wif,.'otit- changing the valve timing, the fuel consumption 
is increased •■ to 126 per cent of ' the ".normal value'. If tho 
overlap is lncrQased..to lOO*' it is possible to obtain the 
same power with a specific fuel consumption only 117 per 
cent of the unsupdr charged value , The* better economy in 
the latter case- is chiefly due to the fact that l,t is not 
necessary to employ so-.high a sup.er charge.r pressure and 
consee[uently the compression ratio can b^ raised from 3,5 
to-3»9 without- causing. detonation. 

The objection usually raised to large amounts of 
valve overlap is. that it interferes, with tho idling char- 
g-oteri sties of the :. engine . .-When an /engine'- wi th valve' otot- 
lap • i s • thrcttleidj - a reversal of- tlow takes, place at the 
end of the exhaust stroke, the exhaust gas being suci:ed 
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into tlie inlet manifold and exliaust gas or air being drawn 
in tiLrough the exhaust valve. Whether exhaust gas or air 
is taken into the cylinder through the exhaust valve de- 
pends upon the length and diameter of the exhaust pipe. 
If the pipe -: is -not"" sufficiently long, too niuch air will be 
drawn into the cylinder, and it will he. impossible to make 
the engine idle properly 'without stratifying the charge 
or resorting "to fi.ome other means of reducing .the power • 
output, such' as retarding the spiark. It mig'ht be possi- 
ble to make such an engine idle -by providing a separate 
throttle close to each inlet valve. Perhaps the easiest 
way to obviate the difficulty is to provide a long enough 
exhaust pipe so that no fresh air will be drawn into tho 
cylinder. The laboratory set-up had such a pipe and the 
engine would idle at 200 r.p.m, with any valve timing used 
in the test. 
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APPEiTDIX 



SxpianatioiiB" of " tg,rms and calculations 

• . .•...."(■ - ■ ■ •. . ■ 

Gr.o.ss ■itii.h.p 'f^'hv siiQ hor.s'epower . 

ITet, -b .;iip •■ • ; tirake" lior Sep owe r .minus sup gr charger lip 
Gtqss -b .'dif ^ T)rab-e»'^^i)'eci-.f tc fuel consumption. 

■• ■ ■ ■ '■ •■■ ■ ■. , • 'J. , . . ■ - ; 
'■ •' • ■ ■ -•■ l-'b'.-'-^'iiel/hr . . \ " . 

;.. ■■ s-ros's b .iip" ; _ ■ . . ■■ 

Not l).-s:;f.-c. =--^--V 1^- f^olfrr. " 

. ■• ■ . net D ,h,p 



Hot indicated -s .f .c . 



Ib.^ fuel /hr . 



net Tj .-.hp + friction hp 



Not indicated specific') _ . ■■ ■ ...-•.:l,h.t_ air /hr . 

■ air consumption f net Ts.hp + friction hp 



STiper ch>.rgor horsepower 



144. P, V, K 

. I. P- y- , 



?1 



} ■-. 1.' 



Pj^ ^ ¥ ■pr.^"e''Bure at intake to. supor charger , ib,/sq»in, 
Pgy, ^ • s-apercliarger pressure, Ib./sq.in. 
K^= 1.4 

. .6 ^ 0.70-" ■ ^ 

SupGrcli.,rger m.o.p.. . = imOO^oTj^j^^vJci:^. ...: . 

D' I'ii engine displacement, cu.ih. 



S ^.engine r.p.m, 
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Volumetric efficiency ^ ^ 

(corrected for clear- = • 

ance volume coiapres- /' ^ \ / ~ 

\X72a) K2) " '\ r ) 

^ pounds of air per minute. 

VgjSi( specific volume of air at supercharger pres- 
sure and teBuperature . 

* compression ratio: 



tPrm nam'kAT* -fa n.lwn.'VD At. .in+.Brnec'tion of lift curvea. 
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Fig, 2 Valve lift curve B|ir 
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Pig. 3 Variation of net indicalfed. mean effective pressure with overlfep^ 
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fig. 4 Variation of net specific fuel consumption with overlap. 
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Fig. 5 



Variation of net indicated specific air consuniption with, 
overlap. 
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Fig. 6 Variation of fuel-air ratio for maximum power with 
overlap. 
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Figs. 7,8 
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Pig. 7 



Variation of net "brake mean effective; pressure 
with manifold prossTjreY 




Degrees / 
overlap" 
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Manifold pressTire, in. EgX 
rig. 8 Variation in vol-umetric efficiency with overlap efficiency 

"based on air at intake pressure and temperature and cor- 
rected for compression of residual products>j^ 



N.A.C.A. Technical BTote No. 405 



Fig. 



o 
o 



130 



ca 
C 
o 
o 

I 

U 
■H 
«H 
•H 
O 
4> 
P< 
CO 



1 120 



o 
o 

P4 



110 



100 



! ' 










Comp. 


ratio 






Yaryii 
const? 


ig ove] 
int Biai 


'lap 
Lifold 


pressi 


ire 

> 


y 










4.1 


/4.0 






3.9 






















4.5 / 


Varj 

cons 


•ing ni£ 
itant c 


.nifol( 
iverlaj 


I press 
1. 


ure 


5.0 ^ 

















100 110 120 130 

Net "brake mean effective pressure- 
per cent of tinsuperchargedjt 



140 



Pig, 9 Variation in net "brake specific fuel consvimption as 

supercharger, presstire is increased at highest useful 
conrpression ratio for each pressure, (40° overlap) 



Variation in not h.s.f .c. as overlap is increased at 
constant s-upercharger pressure and at h.u.c.r. 



